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Army Alr Corps Materlel Division, Yar Department

TESTS OF XP-40 AIRPLANE IN W, A. C. A. FULL~SCALR TUNNFL
By C. H. DEARBORN, A3% SILVARSTRIN, and J. P. REEDTR

IMPRODUCT ION
At the request of the Army Alr Corps Materiel Divielon,
the XP=40 alrplene was tested in the N, A, C. A, full=-scale

wind tunnel to lnvestig:te meﬁhods for 1ncreasiné the maxl-
mum speed. The major portlion of the tests were concerned
w1th measurements of the airplane drag for v:rious modifi-
catlons of the slrplsne components such &s the cooling sys-~
tems, landing geuar, etc. The investligetion also included

measurements of the profile drag of the wing and tall by

B} the mementum method, the loe=tion of the transition polnt
on the wing, the determinatlon of the critical compressi-
bllity veloclity for the alrplsne, and the maximum 1ift co~
effilclents for the elrplane with flaps up znd dowvn. A few
tests were made with the propeller oporating.

The XP=40 airplane 1s & single-place Curtiss nursult
wlth the follovwing characteristics:

Grose YWelght (production model)-=-~mm——e= 6783 pounds.

= Ving Areg~—m—eem oo e 236 squere feet.
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Propeller-—w—wwa o~ o o e ~= 3 blades, ll=foot dismeter,
Curtlse controllsble

nltch.
Englngsmeeemm e e e Allison V-1710-Cl3.
Nornel lating--—e———mm—maa— = 1,000 horseporer at 2,600

r. p. m. at 16,000 feet.
Propeller Shaft Ratloweewm== 2:1.

VETEOD AMD APVARATUS

The W. A, C. A, full=scale wind tunnz2l ~nd the balrnce
equipment used for the force measurements are described in
reference 1. The method of nounting the elrpls-ne on the
balance in the tunnel Jjet 1s illustrated in fisure 1. The
special technlcues and spporntus used for the momentum end
translition meacsurements sre described 1n references 2 ané 3.
The statlc pressure measurements requlred for the determlna-
tion of the criticsl compressibility velosltles were obtalned
with 1/16=1inch dismeter stetlc pressure tubes mounted 3/16
inch from the airplene surfaces. The alr velocity through
the Prestone'coollng cucte waes meecsured by means of banks
of totel head tubes traversing the duct outlets and ststie

pressure orlfices in the adjezcent duct malls.

TRSTS
The test program for the XP=40 airplans was as

followsg:
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1. Pover-off force test wlth the @irplsne in
the completely falred condltion (fig. 1). Radistor
retractec and completely fsired over; exhaust stacks
removed; cockplt enclosure closed; landing gear re-
trected and fealred; control surface gaps sealed;
propeller removed and splnner holes sesled; bottom
of fuselagze feired smooth; inlets to oll cooling
ducts covered; carburetor inlet scoops &nd blast tubes
removed; oontrol surfzces ldcked neutroel; serlel end
cerlal fittings off.

2. 3ame as (1) except 1o »r fuselsge falring
removed (fig, 2).

3. Same as (2) except inlets for oil cooling
ducte onened (f£ig. 3).

4. Same as (3) excent exhsust stoeks added.

5. Seme &s (4) except the seels on the control
surfzces removed (firs. 4),

6. Proflle dreg measurements by the momentum
ﬁethod were wade over the span of the right wing pznel
and horlzontal tzll surfaces &t the highespeed attitude
| with the elevator end alleron gaps both secled and open.

T. Seme 2s (5) evcept rerr wheel cover pleates
removed from landin: gear fairing (figs. 5).

8. BSzme as (5) excent all fairin:; removed from

lending gerr (fig. 5).
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9. Same az {8) except orislnel corburetor inlet
gcoops (see upprr photosr:nh of i+, 10) &added end

openin;e falred over.

b

10. 3Zeme a8 (9) excent blzsgt tuoes &beed with

{

falrin, remaining on errouretor scoons,

11. Pover-on toet with éirplrne in esne coucition
es in (10) ercept “ropeller on and feirins removec fron
cerburetor inlets,

12. Pover-on teet wilth almmlzne in szme coadition
85 in (11) evcept with nodifled Ivestone rediator in-
stalletion (fiss. & end 7. Alr flov velocity in
Prestone radlator duct mersured for hlrh=snecd snd
climb conditions.

13. Powor-off force tests with sirnlane same as
1n (12) except propeller off and fairings added over
carburetor inlet scoops. Alr flow veloclty in racia-
tor cuct nessurel for hlgh-speed =2né climb condltions.

14, Srme &s (10) but vith originsl rediator in-
stallation (fig. 8) (originsl sirplsne minus aerial).
Power-—off force tests end eir f{low veloelty messure-
ments at hl.h speed #nd cllmd conditions.

15, Pover=on teste vith a2lyplene genme re (14)
excent propeller on znd c¢rrburetor 1inlete ovened,

Alr flow mecsuremente 8t high speet and ¢linb con-

ditions.
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16. Same as (1l4) except originsl redictor scoop
provided with falred inlet nnd restricted outlet (fig. 9).
Porer-off tests and alr measurements at the high speed
conditior.

17. Seme as (15) except complete lsanding gear
falring on. Power=on measurements at high~speed con-
dition. '

18. Same as (17) except hole st forward end of
propeller spinner and openings eround blade shanks
sealed.

19. Seme as (14) with modified csrburetor inlet
geoop (fig. 10).

20. Same as (1) wilth aerlsl added. {Aerizl re-
moved after thls test and off during =11 the other
tests.)

21. Same @s (14), poler taken over maximum 1ift
vith fleps up end down, 7

22, lfeasurements with surface tubes and statio
tubes to detect transition &t two stations along the
wing, span.

23. Mesasurements with statlc tudbes to determine
the crilticel compreesibility velocitles on the wing,
englne cowllng, and windshleld,

The control surfrces were locked 1n the neutrel posi-

tion for &ll the tests. Scale effeot on the pomwer-off
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drag messurements wag studled by testing, in most cases,

at five tunnel speeds between 63 and 95 m. p. h. For

the beelc conditlons such as (1) and (14) the tests were
extended over a renge of onzles of atteck including high
speed and c¢limb, whereas in the other conditlions the tests
were confined to two angles of attack brscketing the high-
espeed conditicn. For the-power-on teste the propeller
pltch was adjusted to provide the correct thrust at the high
speed V/nD. This same propeller piltch wes malntsined for
the climb conditlon and the propeller speed was adjusted to
provide the correct resultant thrust. The power—-on tests

were made at a tunnel spe2d of about 80 m. p. h.

RESULTS AND DISCUSSIONS

The drog coefflicients for the alrplene in the high-
epeed attitudes for the various test econdlitions are shown
in fizure 11 and tsbhle I. The results are given for a
tunnel speed of 90 m. p. h. Tyolcal verlstlons of the drag
coefflclient with tunnel speed for two of the test conditions
ere shown in figure 12.° The percent drsz reduction from
verious modificetione to the alrplane 1s shovn 1n figure
13. These results are to a large extent based on the
pover~off tests, and the drsg coefficilents are considered

to be accurate to within +0.0001.
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The power-on force tést results vere errrtic owing to
the fact that a 1 percent varlstion in the propeller speed
sccounted for a drsg coefficlent chenge of sbout 0.0015;
however, the sversies of numerous test polnts in general
showed sgreement with the powcr=off data. The poOver-on
tests were of particular value for studying the effect of
the slipstream on the flow through the r~diator ducts.

The 1ift, drag, and pitchlimg-moment coefflclents for
the alrplsne in the original condition ars shown 1ln flgure
14, Included, also, 1s a curve of the maximum 1ift co-
efficient with the fleps deflected.

Prestone radletor installations. - The grestest em~

phesls during the test was directed towera reduéing the
drag of the rsdlator installstion without deereasling the
quantlty of alr flowirg through the radiator. The Prestone
radlzstor instelleotion on the alrplsne as delivered to the
N. A. C. A., which 1s deslgnsted as "origilnal" in figure 7,
added & Cp 1increment of 0.0037 to the alrplsne, which
1s an increase of 18.9 percent based on the faired air-
plane C» of 0.0196. From calculations based on the
mezsured alr flow through the radlator and the known ra=
dlator resistance 1t may be shown thet of the total drag in=-
crement measured for the radlator only 0.0006 or about 16
percent 1is usefully employed in foreing air through the

radiator core. The remaining loss 1s dus to0 the edded
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frontel area, shape of 1lip on inlet, and general disturb-
ance of flow over the &alrplzne 1nduced by the scoop arrange-
ment.

In an sttempt to reduce the exposed frontzl area the
radiator srr-ngement designated es "modified" (fig. 7) was
instrslled on the alrplsane. For this 1nstall-tion the ra-
diator was ralsed so ae to0 almost touch the engine crank-
crge. The scoop wes then wholly within the origlinal falr-
ing line of the smooth nose. (See figs. 1 and 6.) With
this radiator instell-tlion the Cp 1increment was reduced
to 0.0020 or about 10.2 percent of the eirplane drag.
Comnared with the originel readiator arrangement a saving in
drag of sbout 8.7 percent 1s effected. The cquantitles
of ailr flowing through the two rrdlator duct arrangements
for the high speed and climb condltions, powver-off and
power-on, are shown in teble ¥I. The quentitles measured
for the two duct srrangements are essentlally the same,
and both systems should, therefore, provide sbout equal
cooling.

Based on a report from flight tests that the exlsting
redistor installstlon on the XP-40 provided exceseive cool-
ing at the high-speed condition, a single modificatlion wes
tested 1n which the outlet area was reduced to 0.6 of the

original by means of & flap, and the lnlet scoop was refaired
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s0 a8 to have a l:rger noge radlus (fig. 9) 1in order to pro-
vide & smoother passage for the alr passing eround the duct.
The dreg lncrement due to the scoop was reduced to 0.0023,
and the alr quantity for the hiih-speed condition was reduced
to about 2/3 of the orlginzl amount.

Owing t0 time limitsatlons en optirum design for the
Prestone radlator system could not be developed. A drslgn
of thls type would include the following additional modifi-
cations:

1. A larger radlator so 2s to decresse the in-
ternal radistor drag to less than 1 percent of the

~ alrplane drag.

2. A rearrangement of the piping at the rear of
the englne so &8s to sllow the radiator outlet to be
lengthened and 8¢ discherge the cooling air parallel to
e under surface of the fuselage.

3. A flapped outlet to provide additional coole-
ing alr for the climb condition.

4. A flepped irlet, if necessary for ground cool-
ing or extra cooling in climb.

With the 14 24l arresngement the cooling drag should not
exceed 4 to 5 percent of the alrplane drag,.

Ying drag. - The results of the measurements of the wing

profile drag by the momentum riethod are showr 1nlf1gure 15.



The profile drag coefficlents given are baged on an sverege
wing Cp = 0.135. The results were obtalned¢ =zt a tunuel
speed of 80 miles per bour which corresponds to a Reynolds
Number of about 5 milllon based on the aversge wing chord.
Included 1in figure 15 is a curve for an estimated'aerodynami-

cally smooth wing of the same geometrical charszoteristics.

Compazred with the estimated aversge smooth wing CDO
of 0.0060 the coefficient for the service wing, including

the completely faired landing gear and the wing fillets, was

0.0094, By means of an extrapolation (sce dotted line 1in

£1,. 15) an attempt was mede to separste the drag of the
lending gear and filletes from thet of the wing. By this
method the average drag of the wing alone wes estimated to
be 0.0079 or 3.5 percent greater then that of the
smooth wing. Also, based on the preceding assumptlons,
the drag of the landing geer snd flllets was 0.0016 or 8
percent of the entire esmooth eirplane drag.

In order %o further investignte possibillities for re-
duclng the wing dreg and to 214 in separeting thst part of
the added wing drsg which was due to early transition from
that due to surfeace roughness, measurements of the transi-
tion polnts were made for severel seotions of the wing at
several angles of atteck. The trensition point 1s defined
as the chordwise statlon on the wing at which the leminer

flow in the boundrry layer begins to change to turbulent



flov, and ig eXperimentelly observed as the polnt at whlch
the veloclty next to the surfoce begins to increase ranldly.
The locastlions of the transitlion point for two stations neas-
ured are shown in figure 16. Transltion ocourred &t approx-
imrtely the 10 percent chord voint for the Inboerd station
and at the 17-1/2 percent chord point for the outboard eta-
tion. The mesBurements wers confinet¢ to the upper surface
only since the transltlon point on the loer surface for the
1ift coefflcient tested ocours almost at the front stagna-
tion polnt even for a smooth wlng. l'easuirements on a simi-
lar smooth 2irfoll (reference ) showed the transition point
to occur at the 24 percent chord point. The effect of
the roughness on the nose of the girfoll noved the trensition
polnt forward an sverege of sbout 10 percent. Tests on
a smooth wlng have shown that moving the transition point
forvard by thls amount on both surfeces increases the wing
profile drapg by ebout 10 percent.

With thils Iinformatlion en at.2mpt has been made to
separate the total‘measured inere«se in wing dreg for the

XP=40 airplene into the senarate components. These sre as

Tollows:
l. Tips of wings =wemcmmcccm e 0.0002
2, Alleron slot =wemecmcccmmncucnaen==e(,0001
3. Irregularities at tlps of flaps

and 21l1eronsg —meccmccercmcm———— -==0,0003
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4, Movement of transitlion point~-= 0.0003
5. Countersunk rivetg —=—-=cee—~—== 0.0002
6. Jogsled leps and manufacturing

irregulerities—«-- = 0,0008

These lnorements represent the dr-~g of the varilous
1tems at a tunnel velocity of 80 miles per hour. It is
next necessary to predlct the effect 0f thece same ltems
at the actu=l high speed of about 350 miles per hour.

It 1s belleved that items 1, 2, and 3 willl remsain essen-
tially the zzme. Owing to0 the fact that the transition
point even for & smooth wing at 350 miles per hour would
ocour at about 10 percent of the wing chord back of the
stognation point, there 1s little to be gained by attempt-
ing to delay transition on the present wing. From high-
speed tunnel results (reference ) it may be noted thet
the drag of Joggled iaps 1s about the same at Reynolds
Number of either 5 or 20 million, s0 this increment 1ls
likely to chenge but little. It may be d~sir:ble, how-
ever, 10 eliminste the lep Jolnts and attemnt to produce

a smooth wing by filling the wing surface. In this way
the arsg increment of 0.0008 fbr the laps and menufacturing

irregularities may be csomewhat reduced. The G 1tem

D
of 0.0002 for the countersunk wing rivets may also be

largely eliminested in this way.
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The drag lncrement of 0.0001 obtained for the
alleron gap from the momentum measurements 1s emell, but 1s
conslztent with the results of other simllar tests in thls
tunnel. The momentum measurements showing the effect of
sealing the gsp between the stabillzer and elevator are shown
in figure 17. The alrplane Cp wes decreased by 0.0002
due to the elevator seals, If the seals on the vertical
surfrces contribute the same amount, the totzl inerement
due to the seale on all the surfaces would be 0.0005, which
1s in ©ood agreement with the force test results,

Carburetor inteke. - An attempt was nade to improve

the carburetor inteke by & redesign of the inlet scoops.

The origlinal and modifled scoop arrsngements are shown in
figures 10 and 18. The two scoops 1n the originel ~rrange=
ment were comdlned into a single central scoop with the
blast tubes removed. The scoop wse prrtly sunk below the
original upper cowl line. (See fig. 18.)

The drag coefficlent for the modifiled 8C00p wasg about
0.0002 1less thson for the orlginal one; however, the pres-
sure avalleble at the carburetor was also decrezsed to about
two~thirds of that availsble with the original scoop. Since
thls decrease in pressube would result in a lower carburetor
rem at altitude, the advantege of the decressed drag of the
modified orrburetor inlet is dublous. It 1s believed that

an optimum deslgn of the crrburetor inlet would conslist of
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a slngle scoop, similor to the modified one used in the
present tests, but with 1its opening further forward sgo zas
to avold the loss 1in ram dressure due to the fuselege
boundary layer. Cere mast be taken to provide smooth
cowl llnes ahesd of the scoop, and the nose radius and
external shape of the scoop should be declgned so as to
provlide a smooth passage for the sir flowing sround it.

Holes in propeller splnner. - Completely sealing the

hole 1n the nose of the proveller spinner and the gaps
around the propeller blades decreased the sirplene dreg
coefficlent by 0.0007. This increment wes obtsained from
the power-on teste since it wss considered 4o be particular-
1y sensitlve to the conditions of propeller operstion. It
1s belleved that the hole at the :10se of the spinner should
be eliminated end the geps around the propeller blades
largely reduced. If coo0ling 1s recuired for the propeller
metor, it 1s sugzested that metel fins be used to agonduct
the heat from the motor cesing to the spinner shell.

Lenaing cear and other 1tems. - Refsiring the entire

landing gear {flg. 5) redvced the alrplane drag by & Cp
increment of 0.0309. A separste test showed that most of
thlis reduction was due to improvements to the forward pert
of the retracted gear, as a reduction of 0.0007T wae ob~
talned for the falred conditlon with the rear vheel cover

plates removed. (See arrows in rig. 5.) As pointed
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out in the discussion of the wing dreg, =n increment of
0.0016 1s attributed to the compnletely falred landing
gear and wing fillet. Assuming thst one-half of this
increment 1s due to the landing gear, it 1s to be ob-
served that & further Cp reduction of ebout 0.0008 1is
poeslible meking the totel galn from completely retracting
the landing gear within the wing or fuselsge about 0.0017.

The inlets to the 0il cooler ducts (fig. %) increased
the drig coeffioclent by 0.0003. This increment 1s ex-
cesslve and indlesrtes a very low duct efflclency; however,
without a major redeslgn of the oll-cooling system little
opportunlty for a lsrge improvement seems possible.

The aerlal contributed the surprisingly large drag
increment of 0.0005. This item could be eliminsted
through the use of the treiling antenna.

The exhaust stacks incressec the drag coefflclent
by only 0.0003 and sgerodynamlically =re ercellent in de-
sign.

Criticel compressibility ﬁblocitiegc ~ Measurements

vere made of the maxlmum negrtive preerures on the wing,
engine cowl, and windshleld for the high-speed flight
attlitude to aid in predicting the critical compressibility
veloclitles. The method for determining the critical

velocitles from the pressure messurements isg glven 1in
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reference 5. Thiz method 1s outlined in flzure 19, the
criticrl velcclty beinz glven by the intersectlion of the
curve designoted a8 P vwlth the critlesl veloclty curve
marked P,. The pressure coefflcient P equale p/q in
which p 1s the local sgtatic preseure and q is the free
stream dynsmic pressure.

From the date of figure 19, the following critlocal

velocities are tsbulated:

CRITICAL VTLOCITY, M. P. H,.

=

Ground} 16,000 Ft. Alt

Cowling | 667 | 630
Wing 500 473
- Tindshleld | 408 390

PO A . o TS P

The results show that the ceritlicel velocity occurs
flrst at the corner of the windshield st a velocity of
390 miles per hour.

The results predicted by the method of reference 5
are not conservative, end the actusl compressibility
burble may occur at a speed as much ag 10 to 20 miles
per hour lover than given in the tzble. It 1s belleved
that 1f a speed of 370 miles per hour is expected from
the XP-40 alrplane, it 1e desirsble to further round over
the peak of the winéshield. The studlies of reference 6
will ald in this work.
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CONCLUDING R®ITARKS
Based on the trst results i1l 1ls estlimated thet modifi-
cations to the airplsne that are immedlatsly practicable
such &s seallng slots, utilizing trailiog antenna, closing
spinner holes, failring lernding gesr, end modifying the ra=-
élator instollatlon would increase the ton speed by about
23 mlles per nour. Incorporating the further refinements

of completely retrscting the landing gesr, increacsling the

'slze of the radiator and providing an optimum racirtor

duct, smoothing the wing, redesigning the esrburetor inlet,
redesigning the oll=cooler system so as to obtain a higher
duct efflciency, and improving the wing flllets ocould re-

sult 1n a total incresse 1n maximum speed of about 42 miles

per hour.
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FIGURE LEGWNDS

Figure 1. = The XP-40 eilrplane in the comnletely foired con-
dition mounted 1n the full-scale turmel.

Flgure 2. - Lower fuselsge falring.

Fizure 3, = Oll-cooler duct cover.

Flgure 4. - Control surfsce gaps sesleC and oven.
Figure 5. = Retracted landing gear.

Figure 6. -~ Modified radiastor instrlletilon.

Flgure 7. = 1lodified and origlnal rsdistor installations.
Sketch

Flzgure 8. - The XP~40 airplsne in orlginal condition minus
serlal. :

Flzure 9. - Origlpel r:éistor instslletlon.

Fiyure 10. = Carcuretor inlet SCOONS8.

Plgure 11. = Dreg of airplene st higsh-epeed sttitude for

various test conéiltions.

Flzure 12. = Seesle offect on hizh-speed dreg co=fficient for
airplene in standard condition and in the comoletely faired
condéitlon.

Figare 13. - Drepg reduetions 1n nercent fron verious nodifi-
catloas to the asirpnlene.

Fipgure 14. ~ I1ft, &rrg, endé ritehing moment for airnlane in
the sgtandard condition, nroneller of?f.

Flgure 15. -~ “ing profile dreg obtsolned fror momentum measure-
mzats in the wake of +the wing,

Filpure 16, - Determination of treonsition polnt on upper wing
surfrce.

Figure 17. = Profile drag of horizontel tail surfrce, geps
sealed and oOpen, as obtrined from morentun nessuremesnts in
wake,

Fi?ure 183 = Orlglnsl 2nd nodified earburetor intrke scoone.
Sketeh

Flagure 19. = Criticel velocities for windsnleld, ving, and
nose of airplene.



TASLE I

N Test Conditlon High increment
speed  of drag
Cp reguction

Cp

1 Smooth fuselage condition; propeller off;
radictor retracted and completely feailred
over; exhsust strnciks removed; windshleld
closed; landing gear folred over; slots in
control surfaces gerled; all spinner open-
ings sealed; bottom of fuselage fualred smooth;
01l duct inlets covered; carburetor inlet
scoops and blast tubes off; cerial and fit-
tings off; control surfaces locked neutrsl;
airplane clezn of dust and dirt. 0,0196

Lover fusela;ie falring produced nejfligible
drsg increment 9 has been omltted from the
summery of test condltions.
2 Same as 1 except oil cooling ducts opened. 0.0199 0.0003
3 OSeme as 2 except exhaust stacks added. 0.0203 0.0004

Seme as 3 except sesls on control surfaces
S off. 0.0209 0.0006

5 Seme 88 4 except resr cover plates off
landing gear. 0.0211 0.0002

6 Same a5 5 except forwasré landlng geer
falrings off. 0.0218 0.0007

T Same as 6 except csrburetor inlets added
and faired. 0.0221 0.0003

8 Ssme a8 T except blast tubes added, falr-
ings remalnirg on esrburetor inlets. 0.0221 0.0000

9 Same a5 B8 except modifilel rsdlator scoop on. 0.0241  0.0020

10 Seme s 9 except orlginsl rcdistor scoop
with restricted outlet on. 0.0244  0.0003

11 Same as 10 except originsl redistor scoop and '
modiflied carburetor scoop on. No L’eat tubes. 0.0256 0.0012

12 Ssme as 11 but with origincl rediator 8CO0p
and originzl cerburetor scoops on. 0.0258 0.0002

13 Some as 12 but with cerlal snd fittings added
Thls was the originsl condition of the shlp

~ &8 recelved. 0.0263 0.0005

.
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TABLE II

AIR FLOY QUANTITIES = CU. FT./MIN.

VELOCITY OF 75 M. P. H.

AT TUNNTL

Original Original Yodifled Scoop
- Condltion
Attlituae Restricted
of Condition nNadlator Relsed
Ship Outlet
Power off] Power onj Power off Power off Power on
Hizh Speed
100 010 2100 3230 3200

a = 0060 3 3

Climb
2850 3340
Q= 5°7o 2900 3410




b -
Nl
1
N

i
o B

iﬂﬂiﬁim Pt R U P

T i

g |, —Mxp~4OWW%W wwmww

SN
St

K:?L..,»ﬁmJLL

w NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



L
b

(

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



i

[j\”\H Liolé

-ﬁg““'\‘—‘ 4- Q—V\\M M'\t*‘-"" W“‘J M‘Lu o"’“-s U‘f&W NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



"™

(

"y

i ¢

R

= 7

$hinond oS Ko, o Mua?uw

?«:JNN_J&._ Rt tod Mvgxym&

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS




!!!%IMIMHMM‘!““‘!\‘!‘“! o

e ——

(Mm
% gl

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS



tics

WEd g k 4 P 1" 7Y [
(Adisory Comittee for, Alctonau e __{F
1 A

LR T O 1 e

ol

i 1T

AT ot e B

.

=2
&
=
£
i
£

| i
T ST |
LM‘A“"“ L»« ‘; A e :"‘l he .

AN

e e
[t - ||
‘\ H\‘\

i

g

I

e

Y. T
f H‘
i




i

|
aut
.

Figure 8, - The XP-L4O Airplane in original condition minus aerial,
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C

SLOTS IN CONTROL SURFACES

.
2. AERIAL
3 EXHAUST STACKS
A. CARBURETOR SCOOPS AND BLAsT TU E ES
5. HOLES IN SPINNER |
6. WING ROUGHNESS |
7. LANDING GEAR ROUGHMNESS -
8 OIL COOLER INLETS —
9. ORIGINAL RADIATOR INSTALLATION

A C A

IO MODIFIED RADIATOR INSTALLATION
= Sae— /\,756/

NOTE: DRAG INCREMENTS ARE BASED ON THE COMPLETELY FAIRED CONDITION (c =0196)

ATIONAL ADVISORY COMMITTEE FOR Q@ONAUTICS
e

Figure 13. - Drag reductions in percent from various modifications to the airplene
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